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1.0 INTRODUCTION

This report suppliements the UMTR! report entitled '"Validation
Command Language (1979 Version)" (See Reference 1), Section 2. Part 2
of the report amplifies Section 2.2.1 and 2.2.7 of Reference | to
provide step-by-step instructions for filtering data. Part 3 deals with
the changes to the original VCL (now known as the MVMA version). Parts
4 and 5 deal respectively with the CAL/HSRI 3-D Version of the VCL and

the new graphics postprocessor for the VCL.



2.0 USER INSTRUCTIONS FOR FILTERING DATA

The sections of the VCL report which are pertinent to this
discussion are found in Section 2.2.1 (pp. 15 and 16), Section 2.2.7
(pp. 29 to 34), and example three contained in Section 2.4 (pp 43 to 45
and 65 to 95).

The following steps can be used to achieve filtering of data by

means of the VCL.

Step 1. The data to be filtered is formatted as follows: if 600 points
are to be provided, 602 cards must be prepared. The first card contains
the start time, the time increment (At), the number of points (600),

the dimension code, and a unit switch. See pp. 15 and 16 of report for

details on the selection of these quantities.

The second card contains the format in parenthesis starting in the
first column, e.g., (E15.0). Then follow the six hundred (or whatever)
data cards, one point per card which may be left-adjusted if a decimal
point is always punched. QOtherwise the decimal point will be placed
according to the specified format from the right of the field specified

in the format.

Step 2. The Sampling rate s=1/t is computed and the frequency (f) at
which filtering is desired is chosen. The ratio or normalized upper
passband frequency is computed as f/s. Then using Table 6 of the report
(page 34), the value in the second column closest to this ratio is
selected and the corresponding filter name in the first column is jotted

down, e.g., LP224492,

If none of these filters is acceptable, 1t is possibie to generate
a new filter made to order (with the FG command) or it is possible to
halve or guarter the sampling rate and perhaps find a ready made filter
closer to the desired normalized upper passband frequency. These two

techniques are not normally used and will not be described here.

Step 3. The VCL is then run using the commands outlined in Table 1 with
the data deck provided in Step 1 attached to the logical device number

named.



TABLE 1. VCL COMMANDS FOR FILTERING USER DATA

CP.

1, final time (msec), output unit switch (see page 7)*

TR filename*

TQ TESTV.

1, At (msec), final time (msec)”
FD TESTV, TESTQ, filtername.

TP TESTQ

0, At, final time=*

%The values referred to symbolically are supplied to be consistant
with those specified in the data deck generated in Step One which is
tored in file '"filename'’., The filtername used is the one determined in

Step Two.



3.0 UPDATES TO THE MVMA VERSION OF THE VCL

The principal changes in the MVMA Version have to do with a
restructuring of the data references to MVMA quantities stored from the
MVMA runs. Command changes also have occurred in the McAuto
implementation. The next subsection deals with these command changes.

The final subsection deals with the corrections for data references.

3.1 Changes in Commands

The McAuto version changes one command and implements the "QFF-

LINE" option of the "Start Plot" command.

The Test Quantity Command no longer accepts a filename. A TQ is
meaningful only after a TR and before the next TR or MR or FG. Likewise
a MQ is meaningful only after a MR and before the next TR or MR or FG.

Table 2 presents the revised commands.

3.2 Changes in Data Reference Parameters

Many changes have been made in quantities printed as part of the
MVMA 2-D tabuiar printout. Table 3 of this report replaces Table 3 of
the VCL Report.



TABLE 2. REVISED MVMA VCL COMMANDS
Sentence
Sentence Abbrevia- Notes
Contents tion
TEST RUN Filename TR Filename of file which

contains user data

TEST QUANTITY Dataname TQ Dataname is name by

(a) File record number ( ) which thrs data 1s

(b} Time increment {(msec) to be referenced. File

(¢) Final time (msec) record number is starting
record of file which contains
first header card for this
data. More than one such
data set can exist in one
file

MODEL RUN Filename | MR Filename 1 is basic

Fileaname 2

hold file for MVMA run
and Filename 2 is contact
information hold file




TABLE 3.
QUANTITY DESCRIPTION
Airbag CG force components - head moment
Airbag CG force components - head x
Airbag CG force components - head z
Airbag CG force components - lower torso moment
Airoag CG force components - lower torso x
Airbag CG force components - lower torso 2z
Airbag CG force components - middle torso moment
Airbag CG force components - middle torso x
Airbag CG force components - middle torso z
Airbag CG force components - upper leg moment
Airbag CG force components - upper leg X
Airbag CG force components - upper leg 2
Airbag CG force components - upper torso moment
Airbag CG force components - upper torso X
Airbag CG force components - upper torso 2z
Airbag contact forces - head pressure
Airbag contact forces - head tension
Airbag contact forces - lower torso pressure
Airbag contact forces - lower torso tension
Airbag contact forces - middle torso pressure
Airbag contact forces - middle torso tension
Airbag contact forces - upper leg pressure
Airbag contact forces - upper leg tension
Airbag contact forces - upper torso pressure
Airbag contact forces - upper torso tension
Airbag variables - bag gas mass

Airbag variables - bag pressure
Airbag variables - bag temperature
Airbag variables - bag volume

irbag variables - mass flow in
Airbag variables - mass flow out
Airbag variables - supply temperature
80ody joint coordinate - elbow x

8ody joint coordinate - elbow 2

Body joint coordinate - hip x

Bedy joint coordinate - hip z

S8cdy joint coordinate - knee x

Becdy joint coordinate - knee 2

8cdy joint coordinate - lower spine x
3¢dy joint coordinate - lower soine 2z
3cdy joint coordinate - upper spine x
S8ogy joint coordinate - upper spine 2z
8ody joint velocity - elbow ¥

8ody joint velocity - eldoow 2

3ody joint velocity - hip x

Body joint velocity - hip 2

OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (1 of 10).
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TABLE 3.

QUANTITY DESCRIPTION

Body joint velocity - knee x

Body joint velocity - knee 2z

Body joint velocity - lower spine x

Body joint velocity - Tower spine z

Body joint velocity - upper spine x

Body joint velocity - upper spine z

8ody link angles - head

Body link angles - lower arm

Body 1ink angles - lower lag

Body 1link angles - lower torso

Body 1ink angles - middle torso

Body 1ink angles - neck

Body link angles - shoulder

Body link angles - upper arm

Body 1ink angles - upper leg

Body 1ink angles - upper torso

Bady link angular accaleration - head

Body 1ink angular acceleration - lower arm

Body link anqular acceleration - lower leg

Body 1ink angular acceleration - lower torso

Body link angular acceleration - middle torso

Body link angular acceleration - neck

Body link angular acceleration - shoulder

Body link angular acceleration - upper arm

Body 1ink angular acceleration - upper leg

Body link angular acceleration - upper torso

Body 1ink angular velocity - head

Body link angular velocity - lower arm

Body 1ink angular velocity - lower leg

Body link angular velocity - lower torso

Body link angular velocity - middle torso

Body link angular velecity - neck

Bedy link angular velocity - shoulder

Body link angular velocity - upper arm

Body link angular velocity - upper leg

Body link angular velocity - upper torso

Center of mass resultant moment - head

Center of mass resultant moment - head applied
force component

Center of mass resultant moment - Tower arm

Center of mass resultant moment - lower leg

Center of mass resultant moment - lower torso

Center of mass resultant moment - middle torso

Center of mass resultant moment - upper arm

Center of mass resultant moment - upper leg

Center of mass resultant moment - upper torseo

Center of mass x force comoonent - head

Center of mass x force component - head applied
force component

Center of mass x force component - lower arm

Center of mass x force component - Tcwer leg

7

CATG. NO.

14
14
14

OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (2 of 10).
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TABLE 3.

QUANTITY DESCRIPTION

Center
Center
Center
Centar
Center
Center
Center

Center
Center
Center
Center
Center
Center
Center

Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
-Contact
Contact

Contact

of mass
of mass
of mass
of mass
of mass
of mass
of mass

of mass
of mass
of mass
of mass
of mass
of mass
of mass
belt vs
belt vs
belt vs
belt vs
belt vs
belt vs

belt vs
belt vs
ellipse
ellipse
ellipse
ellipse
allipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse

ellipse

x force component - lower torso

x force component - middle torso

x force component - upper arm

x force component - upper leg

x force component - upper torso

z force component - head

2 force component - head applied

force component

z force component - lower arm

z force component - lower leg

z force component - lower torso

z force component - middie torso

z force component - upper arm

z force component - upper leg

z force component - upper torso

attachment - absorbed energy

attachment - deflection rate

attachment - deflection

attachment - unadjusted tension

attachment - resultant force

attachment - resultant heading
angle

attachment - ring equil. tension

attachment - tension adjustment

vs ellipse - body segment x for
ellipse A

vs ellipse - body segment z for
ellipse A

vs ellipse - body segment x for
ellipse B

vs ellipse - body segment z for
ellipse B

vs ellipse - center point x for
ellipse A

vs ellipse - center point z for
ellipse A

vs ellipse - center point x for
ellipse B

vs ellipse - center point z for
ellipse B

vs ellipse - deflection rate

vs ellipse - deflection

vs ellipse - normal force

vs line - contact peint x on body
segment
vs line - contact point z on body
segment

vs line - contact point position
on line

vs line - contact point velocity
on line

CATG. NO

30
30
30
30
30
3

31
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OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (page 3 of 10).

COL. NO.
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TABLE 3.

QUANTITY DESCRI
Contact ellipse

Contact ellipse

Contact ellipse
Contact ellipse
Contact ellipse
Contact ellipse
Femur and tibia
Femur and tibia
Femur and tibia
Femur and tibia
Femur and tibia

PTION

vs line -
vs line -

vs line -
vs line ~
vs line -
vs line -

loads
loads
loads
loads
Toads

CATG. NO.

contact point x in
inertial space

contact point z in
inertial space

Tine deflection (ellipse)
Tine defl. rate (ellipse)
normal force

tangential force

- femur axial at knee

- femyr axial at sensor

- femur shear at knee

- tibia axial at foot

- tibia axial at knee

Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Friction
Friction
Friction
Friction
Friction
Friction
Friction
Friction
Joint

absorbed

accelerations - chest A-P

accelerations -
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations -
severity index
severity index
severity index
severity index
severity index
severity index
severity index
saverity index
severity index
severity index
saverity index
saverity index
component joint
component joint
component joint
component joint
component joint
component joint
component joint
component joint
energy -

[ I R I I I I I I I D |

e

chest resultant
chest S5-I

head A-P
head resuyltant
head S-I
hip resultant

hip x

hip 2

chest SI A-P

chest SI resultant
chest SI S-I

chest mod SI A-P

chest mod SI resultant
chest mod SI S-I

head SI A-P

head SI resultant

head SI S-I

head mod SI A-P

head mod SI resultant
head mod SI S-I

torque - elbow

torque - hip

torgque - knee

torque - lower neck
torgue - lower spine
torgque -

torgque -
torque -
Thow

upper neck
upper spine

shoulder at arm

*D\OOKD\DKD\O\DlDlolOtO\l\l\‘\l\l\l\l\l\lggggg#hhhh Lo

absorbed
absorbed
absorbed
absorbed
absorbed
absorbed

Joint
Joint
Joint
Joint
Joint
Joint

energy
energy
energy
energy
energy
energy

hip 16
knee 16
Tower neck 16
lower spine 16
neck length 16
shoulder at arm 16
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TABLE 3. QUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (nage 5 of 10).
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Joint absorbed energy - shoulder at torso 16 8
Joint absorbed energy - shoulder length 16 10
Joint absorbed energy - upper neck 16 1
Joint absorbed energy - upper spine 16 4
Joint friction absorbed energy - elbow 28 8
Joint friction absorbed energy - hip 28 5
Joint friction absorbed energy - knee 28 6
Joint friction absorbed energy - lower neck 28 2
Joint friction absorbed energy - lower spine 28 4
Joint friction absorbed energy - shoulder at arm 28 7
Joint friction absorbed energy - upper neck 28 1
Joint friction absorbed energy - upper spine 28 3
Joint muscle tension absorbed energy - elbow 39 8
Joint muscle tension absorbed energy - hip 39 6
Joint muscle tension absorbed energy - knee 39 7
Joint muscle tension absorbed energy - lower neck 39 2
Joint muscle tension absorbed energy - lower spine 39 5
Joint muscle tension absorbed energy - neck length 39 3
Joint muscle tension absorbed energy - shoulder at

arm 39 1
Joint muscle tension absorbed energy - shoulder at
torso 39 9
Joint muscle tension absorbed energy - shoulder
' length 39 10
Joint muscle tension absorbed energy - upper neck 39 1
Joint muscle tension absorbed energy - upper spine 39 4
Joint stop absorbed energy - elbow 27 S
Joint stop absorbed energy - hip 27 5
Joint stop absorbed energy - knee 27 6
Joint stop absorbed energy - lower neck 27 2
Joint stop absorbed energy - lower spine 27 4
Joint stop absorbed energy - shoulder at arm 27 7
Joint stop absorbed energy - shoulder length 27 8
Joint stop absorbed energy - upper neck 27 1
Joint stop absorbed energy - upper spine 27 3
Joint torques - elbow 15 9
Joint torgques - hip 15 5
Joint torques - knee 15 6
Joint torques - lower neck 15 2
Joint torques - lower spine 15 4
Joint torgques - shoulder at arm 15 8
Joint torques - shoulder at torso 15 7
Joint torques - upper neck 15 1
Joint torques - upper spine 15 3
Joint viscous absorbed energy - elbow 29 10
Joint viscous absorbed energy - hip 29 6
Joint viscous absorbed energy - knee 29 7
Joint viscous absorbes energy - lower neck 29 2
Joint viscous absorbed energy - lower spine 29 5
Joint viscous absorbed energy - neck length 29 3
Joint viscous absorbed energy - shoulder at arm 29 8
Joint viscous absorbed energy - snoulder length 29 9
Joint viscous absorbed energy - upper neck 29 1

10



TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (page 6 of 10).
QUANTITY DESCRIPTION CATG NO. COL. NO.
Joint viscous absorbed energy - upper spine 29 4
Kinetic energy - arms 17 5
Kinetic energy - head 17 2
Kinetic energy - head superior-inferior 17 4
Kinetic energy - torso 17 3
Kinetic energy - total body 17 1
Line movement of Point A x 3 1
Line movement of Point A 2 3 2
Line movement of Point 1 x 3 3
Line movement of Point 1 2 3 4
Line movement of Point 2 x 3 5
Line movement of Point 2 z 3 6
Line movement of Point 3 x 3 7
Line movement of Point 3 z 3 8
Line movement of Point 4 X 3 9
Line movement of Point 4 z 3 10
Line movement of Point 5§ X 3 11
Line movement of Point 5 2z 3 12
Linear component of joint torque - elbow 23 8
Linear component of joint torque - hip 23 5
Linear component of joint torque - knee 23 6
Linear component of joint torgue - lower neck 23 2
Linear component of joint torque - lower spine 23 4
Linear component of joint torgue - shoulder at arm 23 7
Linear component of joint torque - upper neck 23 1
Linear component of joint torque - upper spine 23 3
Muscle tension forces - neck 38 10
Muscle tension forces - shoulder length 38 11
Muscle tension torque - elbow 38 2
Muscle tension torque - hip 38 5
Muscle tension torque - knee 38 6
Muscle tension torque - lower neck 38 2
Muscle tension torque - lower spine 38 4
Muscle tension torque - shoulder at arm 38 8
Muscle tansicn torque - shoulder at torso 38 7
Muscle tension torque - upper neck 38 1
Muscle tension torgue - upper soine 38 3
Neck and shoulder forces - neck linear 37 1
Neck and shoulder forces - neck muscle 37 4
Neck and shoulder forces - neck non-linear 37 2
Neck and shoulder forces - neck total 37 5
Neck and shoulder forces - neck viscous 37 3
Neck and shoulder forces - shoulder linear 37 6
Neck and shoulder forces - shoulder muscle 37 9
Neck and shoulder forces - shoulder non-linear 37 7
Neck and shoulder forzes - shoulder total 37 10
Neck and shoulder forcaes - shoulder viscous 37 8
Neck joint coordinatas - lower neck x 21 5
Neck joint coordinates - lower neck z 21 6

1
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TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (page 7 of 10).
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Neck joint coordinates - lower neck x velocity 21

Neck joint coordinates - lower neck z velocity 21

Neck joint coordinates - neck length 21

Neck joint coordinates - neck length rate 21 1
Neck joint coordinates - upper neck x 21

Neck joint coordinates - upper neck 2 21

Neck joint coordinates - upper neck x velocity 21

Neck joint coordinates - upper neck Z velocity 21

Nonlinear component of joint torque - elbow 24

Nonlinear component of joint torque - hip 24

Nonlinear component of joint torgque - knee 24

lower neck 24
lower spine 24
shoulder at

arm 24
upper neck 24

Nonlinear component of joint
Nonlinear component of joint
Nonlinear component of joint

torque
torque -
torque -

Nonlinear component of joint
Nonlinear component of joint
Quantity for region -
Quantity for region
Quantity for region
Quantity for region
Quantity for region
Quantity for region

torque -
torque - upper spine 24
average migration XR 2
average migration ZR 2
end point movement A-X 2
end point movement A-Z 2
2
2
2
2
2

end point movement B-X
end point movement B-Z

UNOVN—~0ONOVOY PR WW— SO0 WMN—0O WO

Quantity for region - force component XR
Quantity for region - force component ZR
Quantity for region - number ellipse contacting
Shoulder joint coordinates - shoulder at arm x 22
Shoulder joint coordinates - shoulder at arm 2z 22
Shoulder joint coordinates - shoulder at arm x

velocity 22 7
Shoulder joint coordinates - shoulder at arm 2z

velocity 22 8
Shoulder joint coordinates - shoulder at torso x 22 )
Shoulder joint coordinates - shoulder at torso 2z 22 2
Shoulder joint coordinates - shoulder at torso x

velocity 22 3
Shoulder joint coordinates - shoulder at torso 2z

velocity 22 4
Shoulder joint coordinates - shoulder length 22 9
Shoulder joint ccordinates - shoulder length rate 22 10
Steering column coordinates - gear box X 33 11
Steering column coordinates - gear box z 33 12
Steering c¢olumn coordinates - wheel attachment

point x 33 9
Steering column coordinates - wheel attachment
point x 33 10

Steering cclumn coordinates - wheel hub x 33 7
Steering column coordinates - wheel hub z 33 8
Steering column coordinates - wheel lower edge x 33 1
Steering column coordinates - wheel Tower edge 2z 33 2

12



TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (8 of 10).

QUANTITY DESCRIPTION CATG. NO. COL. NO.
Steering column coordinates - wheel middle edge x 33 3
Steering column coordinatas - wheel middle edge z 33 4
Steering column coordinates - wheel upper edge x 33 5
Steering column coordinates - wheel upper edge z 33 6
Steering column force components - head moment 36 3
Steering column force components - head x 36 )
Steering column force compcnents - head z 36 2
Steering column force components - lower torso
moment 36 12
Steering column force components - lower torso x 36 10
Steering column force components - lower torso z 36 11
Steering column force components - middle torso
moment 36 9
Steering column force components - middle torso x 36 7
Steering column force components - middle torso z 36 8
Steering column force components - uUpper torso
moment 36 6
Steering column force components - upper torsoc x 36 4
Steering column force components - upper torso z 36 5
Steering column forces - lower column extensional
normal force 35 10
Steering column forcas - lower hinge moment 35 12
Steering column forces - upper column extensional
normal force 35 9
Steering column forces - upper hinge moment 35 11
Steering column forces - wheel hub normal force 35 7
Steering column forces - wheel hub tangential force 35 8
Steering column forces - wheel lower edge normal
force 35 1
Steering column forces - wneel lower edge tan-
gential force 35 2
Staering column forces - wheel middle edge normal
force 35 3
Steering column forcaes - wneel middle edge tan-
gential force 35 4
Steering column forces - wheel upper edge normal
force 35 5
Steering column forcas - wneel upper edge tan-
gential force 35 6
Steering column kinematics - lower column exten-
sional displacement 34 3
Steering column kinematics - lower column exten-
sional velocity 34 4
Steering column kinematics - lower hinge angular
displacement 34 7
Steering column kinematics - lower hinge angular
velocity 34 8
Steering column kinematics - upper column exten-
sional displacement 34 1
Steering column kinematics - upper column exten-
sional velocity 34 2

13



TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (9 of 10).

QUANTITY D

ESCRIPTION

Steering column kinematics

Steering column kinematics

Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered

Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered

Unfiltered

accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
severity index
severity index
severity index
severity index
severity index

severity ‘index
severity index
severity index
severity index
severity index
severity index

severity index

- upper hinge angular
displacement

- upper hinge angular
velocity

chest A-P

chest resultant
chest S-I

head A-P

head resultant
head S-1I

hip resultant
hip x

hip z

chest SI A-P
chest SI resultant
chest SI S-I

chest modified SI A-P
chest modified SI result-

ant

chest modified SI S-1

head ST A-P

head SI resultant
head SI S-I

head modified SI A-P

head modified SI result-

ant
head modified SI S-I

Vehicle response - horizontal acceleration
sponse - horizontal displacement

Vehicle re
Vehicle re
Vehicle re
Vehiclie re
Vehicie re
Vehicle re
Jehicle re
Yehicle re

sponse
sponse
sponse
sponse
sponse
sponse -
sponse -

horizontal time
horizontal velocity
pitch acceleration
pitch angle

pitch velocity
vertical acceleration
vertical displacement

Vehicle response - vertical velocity

Viscosity
Viscosity
Viscosity
Viscosity
Yiscosity
Viscosity
Viscosity
Viscosity

component joint
component joint
component joint
comoonent joint
component joint
component joint
comoonent joint
component joint

torque - elbow
torque - hip

torque - knee
torque - lower neck
torque - lower spine
torque - shoulcer at arm
torque - uypper neck
torque - upper spine

CATG. NO.

34
34

ek d ed b ed ed 4 s -2 OO OO 00 0o 00 00 00 [eeNoeNosNe N W N W We Ws Weo We Je )

COL. NO.

a——d  ———t

W LTV NOVOOW—NRUITOh OGN OCOWNDYONNW—UNO



TABLE 3.

QUANTITY DESCRIPTION

Chest C.G. motion - x-position

Chest C.G. motion - x=-velocity

Chest C.G. motion - x-acceleration

Chest C.G. motion - z-position

Chest C.G. motion - z-velocity

Chest (.G, motion - z-acceleration

Head C.G. motion - x-position

Head C.G. motion - x-velocity

Head C.G. motion - x-acceleration

Head C.G. motion - z-position

Head C.G. motion - z-velocity

Head C.G. motion - z-acceleration

Head C.G. motion - head angle

Head C.G. motion - angular velocity

Head C.G. motion - angular acceleration

Hip motion - x-position

Hip motion - x-velocity

Hip motion - x-acceleration

Hip motion - z-position

Hip motion - z-velocity

Hip motion - z-acceleration

Joint relative angles - upper neck

Joint relative angles - lower neck

Joint relative angles - upper spine

Joint relative angles - lower spine

Joint relative angles - hip

Joint relative angles - knee

Joint relative angles - shoulder at arm

Joint relative angles - elbow

Joint relative angle velocities - upper neck

Joint relative angle velocities - lower neck

Joint relative angle velocities - upper spine

Joint relative angle velocities - lower spine

Joint relative angle velocities - hip

Joint relative angle velocities - knee

Joint relative angle velocities - shoulder at arm

Joint relative angle velocities - elbow

Neck reaction forces - upper neck shear on neck

Neck reaction forces - upper neck compressive
on neck

Neck reaction forces - upper neck shear on head

Neck reaction forces - upper neck compressive
on head

Neck reaction forces - lower neck shear on neck

Neck reaction forces - lower neck compressive

“ on neck

Neck reaction forces - lower neck shear on torso

Neck reaction forces - lower neck compressive
on torso

Neck reaction forces - moment at upper neck

Neck reaction forces - moment at lower neck
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L.0 THE CAL/HSR!I VERSION OF THE VCL

This original VCL was developed for use with the MVMA 2-D Model.
!t proved useful enough that a version was developed for use with the
CAL/HSR! 3-D Model (Reference 2). This necessitated changes in the
model data reading, many minor changes in commands, and a new model data
reference system. The next subsection discusses the changes in commands

while the last subsection discusses the available model data.

L.1_ Changes in Commands

The data structure employed in CAL/HSR! 3-D Model storage is much
simpler and less comprehensive than the MVMA 2-D. On the other hand,
the CAL/HSR! 3~-D Model has much more general possibilities in the use of
units. The result of these differences caused changes in many commands.
Table 4 contains the revised command prototypes. This table suppliements
both Table 2 of this report and Tabie 1 of the VCL Reoport. Table 5 of
this report replaces Tablie 2 of the VCL report. The ordering

restrictions mentioned in Section 3.1 also apply here.

L.2 Changes in Data Reference Parameters

The CAL/HSRI 3-D Model Data is specified by using the 3-D output
page number, an index specifying which group of data on that page (there
often may be more than one) and an index specifying which variable in
the set. From these three indices, the model gquant:ity desired is
located in the binary hold file. Section 2.2.2 of the VCL Report does
not apply to the CAL/HSR! 3-D Version of the VCL. Table 6 of the
present report replaces both Tables 3 and 4 of the VCL report. The
examples in the VCL report pages 43-95 do not apply to the CAL/HSRI 3-D
VCL. Table 7 supplements Table 10 of the VCL Report while Table 8
supplements Table 17.
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TABLE 5. TEST DATA QUANTITY DIMENSION CODE INDICES

Quantity Default Code
Type Dimensions | ndex
distance In 1
force b 2
time sec 3
torque or moment in-1b L
velocity in/sec 5
acceleration G's 6
angle value deg 7
angle velocity rev/sec 8
angle acceleration rev/sec/sec 9
strain in/in 10
pressure ps!g 11
temperature °R 12

19




TABLE 6. CAL/HSR! 3-D DATA QUANTITIES AVAILABLE
Rela-
Quantity tive{Number
Description Cat. No.| Col. of
No. |Groups

Airbag center location -x 11-15 4
Airbag center location -y 11-15 5
Airbag center location -z 11-15 6
Airbag contact force -x 11-15 13 3
Airbag contact force -y 11-15 14 3
Airbag contact force -2 11-15 15 3
Airbag orientation angle - pitch 11-15 LR
Airbag orientation angle - roll 11-15 12
Airbag orientation angle - yaw 11-15 10
Airbag semiaxis length -A 11-15
Airbag semiaxis length -B 11-15
Airbag semiaxis length -C 11=-15
Airbag static pressure 11-15
Airbag supply pressure 11-15
Airbag temperature 11-15

Belt force - point A
Beit force - point B
Belt strain - point A
Belt strain - point B

Joint
Joint
Joint
Joint
Joint
Joint
Panel
Panel
Panel
Panel
Pane!
Panel
Panel
Segmen
Segmen

Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segmen
Segmen

flex.

angle

fiex. spring torque
resultant torague

tors.
tors.

versus
versus
versus
versus
versus
versus
versus

t angular
t anguiar
angular
angular
angular
angular
angular
angular
angular

angu
t angu
t angu

angle

spring torgue
viscous and coulomb toraue

segment
segment
segment
segment
segment
segment
segment
acce
acce
acce
acce
disp
disp
disp
disp

lar
lar
lar

contact
contact
contact
contact
contact
contact
contact
leration
leration
leration
leration
lacement
lacement
lacement
lacement

deflection
friction force
location -x
location -y
location -2
normal force
resultant force
- resultant

-X

4

-2

- pitch

- resultant

- roll

- yaw

velocity - resultant
velocity -x
velocity -y
velocity -z

VMUnuDnunn oo 5 5000000000000 00~~~ ~J\W0\O W\

AW N — W ERNWRN —~ PR~ OWNW o 0V~ =~ N —~ WD 0o~

il i B B o i i S i i S Y B B R N R I I e AT o AN e R AR« AN D ol P
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TABLE 6.

CAL/HR! 3-D DATA QUANTITIES AVAILABLE (continued)

Rela-
Quantity tive |Number
Description Cat. No.| Col. of
No. [Groups

Segment linear acceleration - resultant 1 L 4
Segment linear acceleration =x 1 1 4
Segment linear acceleration -y 1 2 L
Segment linear acceleration -2 1 3 L
Segment linear displacement - resultant 3 L 4
Segment linear displacement -x 3 1 b
Segment linear displacement -y 3 2 b
Segment linear displacement -z 3 3 4
Segment linear velocity = resultant 2 L L
Segment linear velocity =x 2 1 L
Segment linear velocity -y 2 2 L
Segment linear velocity -2 2 3 N
Segment versus segment contact deflection 10 1 10
Segment versus segment contact friction force 10 3 10

Segment versus segment contact location of seg
1-x 10 5 10

Segment versus segment contact location of seg
1-y 10 6 10

Segment versus segment contact location of seg
i-2 10 7 10

Segment versus segment contact location of seg
2-x 10 8 10

Segment versus segment contact location of seg
2-y 10 S 10

Segment versus segment contact location of seg
2-2 10 10 10
Segment versus segment contact normal force 10 2 10
Segment versus segment contact resultant force 10 L 10
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TABLE 8.

CAL/HSR! VCL SUBPROGRAM TABLE

Routine Routines
Name Called Description
CONPAR INTMAR, RINF, processes run controls
UNPACK
KATIN finds proper category number
gtven page number
MODAT RINF, INTMAK, gets data quantity out of
KATIN, [UN, binary storage and stores it
STOREN
MODRUN RINF, [INTMAR sets up reading out
of binary storage
TSTRUN INTMAK, RINF, prepares to read experimental
data from file and calculates
units conversion factors
UNPACK separates letters of unit names

fo- comparison and delietes anv periods

i
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5.0 THE VCL PLOTTING PROGRAM (PLOTVCL)

PLOTVCL is the plot generation postprocessor for the VCL package
which uses the TEKTRON!X PLOT-10 system to produce high-quality graphics

output on a graphic terminal.

5.1 PLOTVCL functional Description

PLOTVCL is a stand-alone program which reads plot description
information from a binary input file and produces plots on the VDU with

a minimum of user interaction.

In the initialization stage, the user i1s prompted for his terminal
type and date transmission rate. This is followed by a request for the

name of the file in which the plot data are stored.

Plotting begins immediately after the filename is entered and
continues until the plot file 1s exhausted. E£ach plot is terminated by
the prompt ''"Press return to continue', drawn along the bottom edge of
the screen. The plot displayed will remain on the screen until the

return key is passed.

When the end of the plot file is reached, the user is informed of
the END-OF-FILE and asked whether another file is to be plotted. A
"Yes'' response restarts the program, while any other response ends

execution.

5.2 PLOTVCL Examples

Three examples are included to illustrate output from the PLOTVCL
Program. A run of a data set known as Tutorial Example N.2(T2D)
produced hold files which were run through the VCL to produce plots
under both the PRINT and OFF-LINE options. In this manner parallel
exampies of plots of Head Angle Verus Time (Table § and Figure 1), Head
Acceleration Versus Time (Table 10 and Figure 2), and Head Angle Versus

Head Acceleration (Table 11 and Figure 3) were obtained.

5.3 Plot Data file

The plot data file is a binary file which contains all of the
information needed to define the plots requested during the VCL session.
It is composed of pairs of records. The first record of each parr has

two items of information: an indicator of plot type and the number of

24



points in the data record which follows. The second record, the data
record, contains the actual values of the points to be plotted, along
with pointers to axis labels, page number, and time increment between
points, if appropriate. Table 12 gives a detailed description of the

possiblie record pairs.

25



VA

ELT P

oveTo
000°0
gLl o06
yyY 9y
jlu‘ey
LITMCTA
e9e’rl
ANTYA

(2 30 | obed) IWIL SNSYIA JTONV QV3IH ¥04 INdINO 107d ¥IINIYd "6 319yl

a2 4
0°soe
0o ovd
vs0l
0°061
[N 11
0°0Mt

nli

29%° ¢
0E6°0L
626°99
L9v°29
Si9°us
b1§°6S
£26°6n

ENRLE

0Toul
0°sLt
v oLl
0°%91
¢"u9l
0°5%1
v eyl

4al1

£26 0N
LonTse
Lo
§26° 58
ewlcls
L5 ve
Syueted

AN va

0°nel
[TRRTH ]
0tuni
visyd
0*ugd
0421
0*udl

EITIWY

qyv=2e
fus* Lt
2ty "t
nyL e

Té60°1

Yvu"S
LY
ETRA R

§ duvd

Wy HIIdd

C;&

RN} "y dedv) UvIIH
[(YIR¥? nu6 HEE SN (AL vus YL [Ty
LIT 3] 0 Gy vyub un 0Ny noL L g°se
66wl [IAET3Y] t6l ey 0TS LTS v o¢e

LY SR.T4 0°6L 0B a9y _ 0°50 NSyl 076l

#9E°he 00 Y2009 T uFuw  0uSwe 0ol

olLtovw 059 CUA S 2] 0°6% 0Us° wi 0*

vEE*Hh v oY §L9° Ly 0°of 006wl 0°
MIva 4l ] A1 WA T ] FIRTL 311
vV 43714871 4wl 60BH4A  SHVUIH

CUNVUIH Id

T+ 00 "ul dav) Qv io

[
S
]

Luld wvisdlav)

A9y i) UNt ey ol ival IvA

re et

26



*(2 40 2 3bed) IWIL SNSY3IA I19YNV GY3IH ¥04 LNdLNO LOTd Y3ILNI¥d "6 3174Yl

P04 uN="002
‘LHva anidd 4%
14 21 " gavd uvid

Ivvwnsusnfvysvjosss])vensvova(ynveivvprlvrvvfvsvnsjovvvisrsvlovvsisovslvvrsfovvn|vsvafvrvn|sunufasrsnivvuslnvsv|nvonissvu|svux]snnne
voé EYURTNETY BT I

v

|

i
1
|
1
1
{
1
b
I
'
i

CEERE B SR AT BR SN EE SE SN NL IR SR AR I NL N A AL Y B

<
[4]

!
b
|
|
|
}
|
I
)
l
f
I
& e
LI )
!

|
|
1
<
|
1
1
1
!
i
1

|
1
t
)
)
i
'
[}
t
i
i
{
l
'
'
b
I
!

<
<
Lc PO 2R ST S S B A AR ST BN NS B BT B A

00

-

LoTld ivIS v

¢ 40%d  avyidd duviiony Y Jdivee0) cdllval VA

27



(2 30  3¥bed) FIIL SASYIA NOILVYIIIIIV GV3H 404 1ndINO 107Td ¥3LNIUd Ol 378vl

- —— e P @
14 6t 01 wav) OV id
000°0 0°01Z 61u°9 0'oul  Lve*@ 0*0sl  wue®n B0t fn9uy [T wig 'yl 0*uy voe*t 0oL
ovo°o 0°Sue ®910°n 0°SLl  wsy"| oSl L19°y u*sll  tdLtwe [T weesl [T wuocy 02
155°6 0°00¢ te9°e viuLl  Lee"? [[AX11'3 SEENCY g4 3°0ll ovue"od htuw byl sl [TR2:4 ouon‘l [T
1T 096l f5ew 0°4u91 G989 Uturl 6§20l 0 50l 905"HY vesl 6G5°0¢  0°Gn  guu'l v el
- wib*1l 0061 168°2 6091 nwSe°u o'url  fow'w’ o*vol  62T7uy " 070l eul®5eT T vtow T wed't T ool
L1 A 0°Sel  [L1°% 0°5491 <¢26°w vesel wivTi 05t vErt§e (A ] oLt se [T 31 [ XTThaN ¢ 0°S $
&18°9 0*0wl 1§e2°e 0t0Sl wob”M vtoel  gny°wi 606 CT TR [ 11 ten*ge 0°0f ovo"l 0°0 H
1NTIYA nld AIVA nll JOTIVA Nt iva 4ull EITRI Y I A EI N 4 IVA W Il 411 t¥A N2 Y
v oudiauvy qwle S0sa4A YUV IH
M ELESE |
o o7 BT Un uavd uviy

LuNd v Is 418y

£ 3%vd  HVHYOdd AUvitY T anve a0y gl vyl dva



e

*(2 30 2 abed) IIL SNSYIA NCGILVYIT3IIV QV3IH ¥04 LNdINO 1074 ¥Y3ILNIYd -0l 319Vl .
L
L
L]
L
09¢ sutudisit bk d INITIVIS
-~ - _21utd ddALl 49y 04 J5VHdD dud
- T bh¢e” ce9t” NN y2 vons - voon e Vs
[T R T Y | Y TR T2 VUt BUe  Onugtuy P40V 4314 ivivd uN] lv)S
‘101d Wi dlbv)d no4
b4¢o” coYL” [T U RSt - govo©e DuSy®
ooty LB Ul vuuntane  ouyoto $ 3y bddldnvadd UND IVIE
- L __ . _'lu1d uvlsilev) o4
- o B S WAsIING D4su vty LY 0*o00¢ UL 0%0 1004 Yuvudad  a3nvh ALTL 4wt V1 3dow
[E 479N »el Y AuUY
S IvAadINL D460 u°S v 0%00¢ vl 0°0 NOd 4 vuvadH  ddwyi ALLLNYIIO TdUUW
ITRIRER uv S 140Jv d a3l L dun

LT = Snolidvydlnl U ‘6 = swUla94y 30
' J0 ‘2d = pdsdl 113 40 Hdwene “in_ b1 SINI0OD AU 43t YLD
481 0°S sl Ae3nwddIdnl 4411 45n 0%0od ST dIudn V4y Jull YMI4
SSLInn 0AVURNYES N1 Iuv Whg SEHL wudd b4lL]LuVHD
*YuthitEl CLVi/en/sd
1731 dv 1 UN SH A HvH Wl 1= 4J8U4  HIIHAVH INUad HdWOt
T ldb LU “dwud * )3 dvd J4MN (VIV) AavNIWIT48d)  AnnNd 1T dldAM W9
2% Aduvx3 Iviuntnl u=2 wwAWw
NUTEDTMISAG tid Tduun NIVINOD SdAnL T dnbd AX3IN
“olIn UbYUNVIS N1 Idy wnd S1HL HO4 SILLEIAWVNG ENdIN0
J36 0°002 01 13638 vl 4mld WWNId 1NV H 4G L]
Ivwev]lvess]vnvsnvun]vswn]lovvsinven[vuvsluvnsivsvnssxvn]vosnivvsr | ¥sys]lssvelnvuslnsnvrvvslasysivannvusy]uvsr]lnuvrfssrs]vssvvlvenns
1 v L I v
H L A v v

<

-

<
!CICCI{I!IICH(Q

-<
-
[ o
« =}

fa o« o

Iia o« § % & )

pr

luid Nyl&dihvD

o A9vd  nveadudd d9vaanNvY 1 UNvWIUg ol ivul IvA

e,

29



SISS e
99s6° 11
6LLle" 11
LATLA]
relg”9
nsn*.q
90492
2i52°'y
A

(2 30 | 9bed) NCILVYITIIOV AVIH SNSYIA JTONY QV3IH Y04 LN4INO 107d ¥3INI¥d  “LL 378VL

eLLt* 06
f049°98
gl2u"2y
t90u 8L
geyenl
b626°0L
5¥26°99
6999°29
X

0°00¢ W
0°S6l on
0°061 6%
0°SYl ¥E
00wl (S
0°SLt 9¢
v°oLt St
0°S91 g
Wil xXdanl

eseth
g06h"2
473581
69§2°2
9§59°1
tl2o"2
un9gtY
L AT -2 )
Lige’t
6lo6°n
et
whsts

A

(AL
wui9 uh
g6lg°ng
9226 oh
pLow° sy
9514 0n
12 ¥ 3411
I TR
nELS e
Lwvoree
Lous* Lt
SItE et
X

A1 2}
0°ovi
n°ss)
0°vsl
vrant
vtowi
uTstl
0 vt
utsdl
voel
0°sit
[AXTNY

dwli xJunig

ne
v
4]
1t
(13
od
we
Le
99
14
ne
1 %4

L1 B
1b§c 0l
BonY "y
2tv it
L2y ul
6cet ve
Hblo bl
R90E°SE
gell vy
suEn*ee
Ivue*si
ttee s
A

8 4dU\d

SieEcfl
GnIL*e

S¢60°L

n9we°S
25ty L
a6 |
vb86°11
S6bL"9e
ny9ENE
Lte9lon
9lrecom
LLve 4n
X

01T v ¢ Lieety
a0l ¢2 ICI SRR
ouzool e {d59"0¢
[ A T4 LET TR Y
0*06 ol YoLltse
o*se  wl LTI Y4
otue L} cnnntel
[V SN § TN 4]
U L 1Y Y | body’Y
0°s9 i 6luv’y
009 g1 [ ¥4 AL
0°sg 21t voon®iy
dnll X3uml A
"X tv vyviIH

1uld 3dAL v Id dbviid

wvlJuad 49Vt vt

Ut vartr )

1¢ 6t
Ltiob"unm
1t60i*29
LD
€920°09
vdanl ny
9L LY
eLm ut
£296° % L
Iry9°9¢L
woSl @l
ALY
000s°ul

X

SASHIA A S¥

_ PR 111 & LR TL(F LT
ady) Jviy

4wl

HOLLVGL VA

Tun

0

“dd

davd Uviy
[ RS A
vus T
vuw ot
LU 7Y 3
(S S
oy L
0°%¢ 9
0tue &
['Re-Y S
[Ch T2 S 4
(U 2
0°u 1

4wll x3Un1

v IH

v mgo,

30



"(z 40 2 9bed) NOILVYITIIIV QYIH SNSYIA IT9NV QY3IH 404 INdINO 107Td UILNI¥d “LL 379Vl

oot

§

Y

Vo tua- man®oy Dyt aal vuuwuety

1+ o¢

Pquviseldranvy

*dd

U dav) Jdv iy

0G-=

.

« Iiln £ § & $|H x |«

=S
£ 1 =

Tvvrv[ovns]envvjovvvvnvv]vnon]svvy[vvun]vvun]lvvev[svnssrnsvlrvynv]vvnnnnnnlnnun]vvay[nnvnjonunfvvun]svon|vevs[onynfuron[vonvlonnss

v

v

v

Y

v

Juvd

v v

Luld 4dal 1Y 1d dsvid

YAV 49V IV UNVE O3 wulbval Tva

LRI NI N R

!
!

o $
« x|

LI SR SR BN R

=3
g
]

v4 mao

31



sjoid uoj3jeIABp pUe uesd}JeDd JOJ

JUBWS 10U} BWL) IUPOd-03 -3 0d |e93y 3 1vi13a T
syod ButAjiriuspt Ul SpLly 1obaju] i ON3IDVd 4
1aqel iun sixy-A 03 J4d1utod wbalju] 4 xapulA Z
{Alug siold 8ueld aseyd] 1egel ItUN SIXY x 0} 48IUlod wbaju] } xaPuU X Z
(A) eieg 40 sen|eA (oY 1dN A 4
[Alup siold aueld asueyd] (x) erep 4o san{eA |eay 14N X z
p1oned elep Ul siurod O JBQUNN Asbiaau] i 1dN 4
(€) 10 (Z) dn ysut d=6
(€) 40 (7T) 203 AerJarp=b
101d UCIBYAB(=E
101d Ueisayaed=¢
1o1d adA| sueid 8seud=i aahajug ) AdALl }
S31UBWWO D odA ] wal]/SPJIOM aweN 18NN
30 J43gWNN way i p 1003}y
3714 VIVQ L01d AYYNIE 40 LINOAvV ZiI 31avl

32



Fig.

Fig. 2.
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Fig. 3.
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